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ABSTRACT

AUTOMATED WARNING SYSTEM RESPONSE CRITERIA BIAS AND
OPERATOR WORKLOAD: A SIGNAL DETECTION ANALYSIS

Name: Cummings-Hill, Mark Andrew
University of Dayton, 2002

Advisor: Greg C Elvers, Ph.D.

The current study examined the effect of two automated warning system response

criteria biases on system sensitivity under two levels of operator workload. Operator

workload was manipulated by using a unidemensional tracking task of two predetermined
levels of subjective workload. The National Aeronautics and Space Administration’s

Modified Task Load Index (NASA M-TLX) was used to determine workload the tracking
task. Six participants (four male, two female) simultaneously performed both the
unidemensional tracking and detection tasks.
An interaction between operator workload level and alarm response bias was
predicted for d’system. It was predicted that d’system would be higher under the high-

workload-conservative-alarm and low-workload-liberal-alarm conditions than under the

high-workload-liberal alarm and low-workload-conservative-alarm conditions. The

predicted interaction was observed. A main effect of operator workload was also

predicted, but not observed. A main effect of alarm response bias was predicted and
observed. It was predicted that the conservative alarm would lead to higher performance
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than the liberal alarm. However the inverse was found, as the liberal alarm had higher
d’system than the conservative alarm. Post hoc analyses lead to the conclusion that
participants relied inappropriately on the alarm, and did not attend to system status

information. The participants may have been attempting to minimize the attentional

resource required of the detection task in order to maintain primary task performance.
Methodological revisions were provided for future investigators. Practical

implications and their constraints are detailed.
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CHAPTER I
INTRODUCTION

Signal Detection Theory
Signal Detection Theory (SDT) provides a methodology of analyzing the structure
of an observer’s decisions in which a system can be in one of two states and a binary

choice must be made about the status of the system. SDT was originally developed in the
1950’s by mathematicians and engineers at Harvard, the Massachusetts Institute of
Technology, and the University of Michigan. Papers from these institutions were first

presented at the 1954 Symposium on Information Theory (Green & Swets, 1966).

SDT is based on statistical decision theory. SDT assumes that there are two types
of trials in any signal detection (SD) experiment: noise and signal-plus-noise. In a noise

trial no signal is present, and in a signal-plus-noise trial the signal is present along with
noise. In a typical SD experiment, a single level of the signal is selected and used in a

series of trials. Within this block of trials, the signal-plus-noise is presented on some
trials, while on other trials just noise is presented. The observer must make the decision

to respond “yes, there is a signal within the noise” or “no, there is just noise.” What
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makes SDT more powerful than classic methods of threshold measurement is that the
observer’s sensitivity to a given level of stimulus can be measured by considering the

responses made when the stimulus is not present. Classic threshold measurement does

not allow for this analysis because all trials are signal trials (Kantowitz & Sorkin, 1983).

Decision Matrix

SDT has four possible observer outcomes, just like statistical decision theory.

Consequently, SDT leads to the same four possible decisions as statistical theory: hit,

miss (Type II error), false alarm (Type I error), and correct rejection (Table 1). A hit
occurs when an observer responds “yes, I am aware of the signal” on a signal-plus-noise

trial,

Table 1. Signal and Response Combinations Possible in a Signal Detection Experiment
State of the World

Response
Yes (signal present)

No (signal absent)

Signal-Plus-Noise

Noise

Hit

False Alarm (Type I)

Miss (Type II)

Correct Rejection

a miss occurs when an observer responds “no, I am not aware of the signal” on a signal

plus noise trial, a false alarm occurs when an observer responds “yes, I am aware of the

signal” on a noise trial, and a correct rejection occurs when the observer responds “no, I

2

am not aware of the signal” on a noise only trial (Green & Swets, 1966). The goal of a
SD experiment is to determine an observer's sensitivity and response bias.
Sensitivity of the observer is good when the hit rate is high and the false alarm
rate is low. Sensitivity is low when the hit and false alarm rates are similar, as this

indicates that the observer is not discriminating between the stimulus plus noise and noise

alone. In addition to being able to measure observer sensitivity, SDT allows for the
measurement of observer response bias.

Response Bias
Observer response bias is measured based on the number of “yes” and “no”

responses in relation to the stimuli’s frequency of presentation (Green & Swets, 1966).
When an observer responds disproportionately “yes,” the observer is said to be liberal.

Conversely, if the observer responds disproportionately “no,” the observer is said to be
conservative. Consequences, instructions, and the probability of signal presentation drive

an observer’s bias. Observers, if told to respond “yes” only when they are certain the
signal was present, will tend to adopt a more conservative criterion than if they are

instructed to respond “yes” when they think the signal has been presented (Proctor & Van

Zandt, 1994). Additionally, manipulation of the payoff matrix can influence observer
behavior. For example: if the observer is rewarded for all of their hits, the observer will

tend to have a liberal bias, as they will attempt to maximize the number of hits, and
consequently their payoff. On the other hand, if a negative consequence is associated

with a false alarm, the observer will tend to have a more conservative bias in an attempt
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to minimize false alarms. Lastly, the probability of exposure to a noise or a signal-plus-

noise trial influences response bias. Making the signal-plus-noise trials more likely than

the noise trials will result in a more liberal response bias, whereas making the noise trials
more likely will result in a more conservative bias. If the noise and signal-plus-noise
trials are equally likely, and the payoff matrix is equally weighted, than an observer will
tend to be unbiased.

Receiver Operating Characteristic
As discussed in the previous section, SDT has the ability to measure the response
bias of an observer. The response bias of the observer will affect both the frequency of

hits as well as false alarms. A receiver operating characteristic (ROC) plots the
probability of a hit (P(hit)) versus the probability of a false alarm (P(fa)), given a constant
signal to noise ratio and varying response bias (Figure 1). Through successively

changing the payoff matrix of a task, which consequently changes the observer’s bias in

decision behavior, a point can be created for each set of instructions. The generated
points can then be connected in a smooth continuous curve. This curve will then

represent the various biases (on a continuum, from conservative at the lower left to liberal
at the upper right) that the operator can adopt, as well as the associated percent of hits and

false alarms at that particular level of bias. ROC curves can also be generated from a

fixed stimulus level when an observer is given multiple choices relating to the presence
of a stimulus: e.g. absolutely certain the signal is present, somewhat certain the signal is
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present, somewhat certain the signal is not present, and absolutely certain the signal is not

present (Green & Swets, 1966).

P(fe)

Figure 1. Receiver Operating Characteristic (ROC) Curve

Workload Measurement

Subjective workload measurement techniques arise from models of human

attention. Workload is the total amount of physical and/or mental work/effort that must
be devoted to a task to perform the task successfully. As a task’s demands increase, so

does the amount of workload associated with the task. According to Gopher and
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Donchin (1986), “Mental workload can be viewed as the difference between the

capacities of the information-processing system that are required for task performance to
satisfy expectations and the capacity available at any given time” (p. 41-3). Though

Gopher and Donchin’s statement on mental workload is to be used as a starting point for
understanding the concept of mental workload, it should be noted that definitions of

workload vary among experimenters and between participants. This has contributed to

confusion in the workload literature as to what is being measured, and has led to inter
rater variability (NASA, 1988). This confusion, as well as inter-rater variability

concerns, was addressed by Hart and Staveland during the development of the National

Aeronautics and Space Administration Task Load Index (NASA-TLX). Hart and
Staveland found that measuring the specific sources of loading imposed by different tasks
on individual scales and then combining these scale measurements into an overall

workload score is an effective means of operationally defining the concept of workload.

In addition, this strategy leads to a high degree of inter-rater reliability (NASA, 1988).

Regardless of the definition of mental workload, the basic paradigm of workload is
consistent throughout the literature, and measurement of mental workload continues to be
of paramount importance in system development.

The Yerkes-Dodson law describes human performance as an inverted U-shaped
function of arousal level. Following the Yerkes-Dodson law, workload that is either too

high or too low will decrease task performance. Task performance will be poor at the
upper extreme due to too many task demands for the available capacity. Task
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performance will be poor at the lower extreme because low task demands lead to low

operator vigilance (Proctor & Van Zandt, 1994).
Measuring mental workload is important because the human factors professional,

in the quest to maximize performance and safety, desires to design systems that tax the
operator to the point that the operator will perform well, but not to the point that task

demands overcome resources.
The concept of mental workload comes from the unitary-resource model of

attention (Kantowitz, 1987). This model states that the human has a limited information
processing capacity, and that individual tasks spend that capacity. The analogy of

spending processing capacity holds true for workload measurement techniques that

operate on the multiple-resource model as well. In the multiple-resource model, different
tasks spend the capacity of specific information processing structures.

Mental workload measurement techniques have two basic subgroups: analytical
and empirical. Examples of analytical techniques are: comparison, expert opinion,

mathematical models, task analysis, and simulation. Examples of empirical techniques

are: primary task measurement, secondary task measurement, physiological

measurement, and subjective measurement (Proctor & Van Zandt, 1994). Empirical
measure of workload usually require the execution of an actual task. However, projective
techniques with subjective measures have been used in the conceptual stages of system
development; e.g. Projective Subjective Workload Assessment Technique, or P-SWAT

(Boucek, Orr, Williams, Montecalvo, Redden, Rolek & Cone, 1995). Empirical

techniques of workload measurement allow the investigator to measure the workload of
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the actual operator performing the task. The Engineering Data Compendium: Human
Perception and Performance (Boff & Lincoln (Eds), 1988) provides criteria to be applied
to the choice of workload assessment techniques. These criteria are summarized in Table
2.

Table 2. Criteria for the Selection of Workload Assessment Techniques*
Explanation
Criterion
Capability of a technique to discriminate significant variations
Sensitivity
in the workload imposed by a task or group of tasks.
Capability of a technique to discriminate the amount of
Diagnosticity
workload imposed on different operator capacities or
resources.
The tendency of a technique to cause degradations in ongoing
Intrusiveness
primary task performance.
Factors related to the ease of implementing a particular
Implementation
technique, such as instrumentation or training requirements.
Requirements
Degree of operator willingness to follow instructions and
actually use the technique.
* From Engineering Data Compendium: Human Perception and Performance (Boff &
Lincoln (Eds), 1988)

Operator Acceptance

The National Aeronautics and Space Administration Modified Task Load Index
The NASA M-TLX is a modification of the standard National Aeronautics and

Space Administration Task Load Index (NASA-TLX). The NASA-TLX is a subjective

workload index that consists of six scales: mental demand, physical demand, temporal
demand, performance, effort, and frustration. Descriptions of the sub-scales are given in

Table 3. These scales were selected from an original set of nine sub-scales. Three of the

sub-scales were rejected because they were found to be irrelevant to workload (e.g.
fatigue) or redundant (e.g. stress and frustration). In addition, the developers of the
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NASA-TLX found that nine sub-scales made the scale impractical to use in simulation

and operational environments (NASA, 1988). Twenty-step bipolar scales are used to
obtain ratings for the sub-scales. A score from 0-100 (assigned to the nearest five) is then

obtained on each sub-scale. A weighting procedure is then used to combine the six
individual sub-scale ratings into a global score. The weighting process requires the
Table 3. NASA-TLX Rating Scale Descriptions*
Scale Title
MENTAL
DEMAND

PHYSICAL
DEMAND

TEMPORAL
DEMAND

PERFORMANCE

EFFORT

FRUSTRATION
LEVEL

Descriptions
Scale Endpoints
How much mental and perceptual activity was
Low/High
required (e.g. thinking, deciding, calculating,
remembering, looking, searching, etc.)? Was the
task easy or demanding, simple or complex,
exacting or forgiving?
How much physical activity was required (e.g.
Low/High
pushing, pulling, turning, controlling, activating,
etc.)? Was the task easy or demanding, slow or
brisk, slack or strenuous, restful or laborious?
How much time pressure did you feel due to the
Low/High
rate or pace at which the task or task elements
occurred? Was the pace slow and leisurely or
rapid and frantic?
How successful do you think you were in
Good/Poor
accomplishing the goals of the task set by the
experimenter (or yourself)? How satisfied were
you with your performance in accomplishing
these goals?
How hard did you have to work (mentally and
Low/High
physically) to accomplish your level of
performance?
How insecure, discouraged, irritated, stressed
Low/High
and annoyed versus secure gratified, content,
relaxed and complacent did you feel during the
task?

* From NASA, 1988

operator to perform a paired comparison task before the workload assessment. The

paired comparisons require the operator to chose which sub-scale is more relevant to
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workload for a particular task across all pairs of the six sub-scales. This results in fifteen
paired comparisons. The number of times a sub-scale is chosen as more relevant is the
weighting factor of that sub-scale for that operator, on that task. A workload score from
0-100 is obtained for the task by multiplying the weight of the sub-scale by the sub-scale

score, summing across scales, and then dividing by the number of sub-scale paired

comparisons (Hill, et al., 1992). The NASA M-TLX uses the same six sub-scales as the
NASA-TLX, but does not weight the scales. Given the lack of scale weighting, the
procedure for the NASA M-TLX is much more time efficient and places less of a burden
on the operator, while maintaining the efficacy of workload measurement (Moroney,

Biers, & Eggemeier, 1995).

Auditory Alarm Display Literature Review

Empirical literature regarding auditory alarm displays did not exist within the
public domain before Pollack and Madans’ 1964 study On the Performance of a

Combination ofDetectors. After this work, and likely due to their mixed conclusions,
almost twenty years passed before more empirical literature was added to the body of

knowledge (Patterson, 1983; Robinson & Sorkin, 1985; Sorkin, Kantowitz, & Kantowitz,
1988). Literature during the intervening time period was based largely on survey of
expert opinion or was work examining psychophysical constructs independent of alarm

display design issues. (Patterson, 1983; Robinson & Sorkin, 1985; Sorkin et al., 1988)
In 1983, Guidelines for Auditory Warning Systems on Civil Aircraft was produced by

Patterson. This document (though largely a compilation of the survey and
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psychophysical work relating to alarm displays that occurred after the Pollack and
Madans study) empirically examines the learning and retention of auditory warnings. It
is within this time period that there is a change in the pattern of literature. Beginning in

the early to mid eighties and continuing through the present, a number of studies (Sorkin
& Robinson, 1984; Robinson & Sorkin, 1985; Sorkin et al., 1988; Getty, Swets, Pickett
& Gonthier, 1995; Elvers & ElRif, 1997) directly concerning empirical issues associated

with alarm displays began to be published. This literature review chronologically
summarizes the findings of the empirical studies cited above. Following this overview, a
section has been devoted to drawing attention to gaps in the literature.
Pollack and Madans (1964) examined the performance of two detectors: an

automated auditory alarm, and a human alarm. The study consisted of a detection task in
which listeners attempted to detect the presence or absence of a tonal signal in noise
under two conditions: unaided by an external source of information, and aided by a

simulated alarm display set at the same discriminability as the listener. During the

unaided portion of the detection task, participants were actually aided by an automated
alarm set at chance performance. Participants determined whether a half second burst of

a 1000 Hz auditory signal (presented at varying decibel levels) occurred in constant 85
decibel white noise. Pollack and Madans then compared the sensitivity of the individual

detectors to the sensitivity of the combination of detectors.
The experiment led Pollack and Madans (1964) to mixed conclusions. The

performance of the aided listener was consistently superior to the unaided listener.
However, the improvement in performance fell considerably short of an ideal
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combination, especially at lower signal intensities. Pollack and Madans concluded that

the performance of the combination of alarms may degrade the more sensitive alarm to
the sensitivity level of the poorer detector. This conclusion was reached only upon
examining the false alarm rate of the combination of detectors, as the ratio of hits to
misses consistently increased across all of the combination of detectors.

Patterson's (1983) purpose was to “develop a set of guidelines for the design

and/or evaluation of auditory warning systems used on the flight-decks of commercial
aircraft” (Patterson, 1983; p. i). Patterson’s research demonstrates that operators are able

to effectively learn and differentiate intricacies of a substantially large set of alarm
displays. This suggests that operators might be able to learn the intricacies of an alarm

that manipulates parameters such as response bias, and then assimilate the knowledge of
that specific alarm into a larger set of alarm displays.
Patterson structured the document into five sections. The first section was

devoted to comparing problems associated with the era’s typical commercial aircraft

alarm systems to a prototype of an advanced auditory warning system. Patterson (1983)
also gave guidelines that addressed five different concerns: 1. overall alarm sound level,
2. alarm temporal characteristics, 3. alarm spectral characteristics, 4. ergonomics of

auditory warnings, and 5. the use of voice warnings.

Patterson's (1983) prototype alarm system was developed using expert opinions
from commercial aircrews, basic psychophysical research, as well as applied research

from Patterson & Milroy (1980). Patterson examined the amount of training required to
teach aircrews distinct alarms within the prototype alarm system. Participants could

12

easily learn four to six separate auditory alarms in few trials, but that learning slowed

dramatically as more alarms were added. Patterson and Milroy (1980) assert that all of
their participants, with enough training, were able to learn the entire set of ten alarms,
though they found that similar temporal characteristics between signals (repetition rate in
particular) confused the participants. In addition, Patterson and Milroy (1980) found that

the signals were retained well by the participants.
Sorkin and Robinson (1984) described the alerted monitor system, which consists
of an automated alarm assisting an operator in the detection of problems occurring in a

designated process (such as flying an aircraft) that requires system monitoring for
consequential events. Sorkin and Robinson’s theory development and subsequent
research developed a model of the alerted-monitor system, called the contingent criterion

model, and evaluated the effects of interactions between the human operator and
automated alarm on system performance.

In a contingent criterion model the components of a system are viewed as two
cascaded signal detection systems. The alarm display is considered one component, and

the operator is considered the second. Together, the alarm and operator form one system.
This model states that the human will form two criteria for response: one for when the

alarm is signaling, and the other for when the alarm is not. The operator's criterion will
be more conservative when the alarm has not signaled an event.

Two experiments performed by Sorkin and Robinson (1984) evaluated the model
and the operator/automated alarm interactions. The first experiment consisted of
participants listening for the presence of an auditory signal. After each trial, participants
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indicated whether they heard the signal or not. The second experiment consisted of

participants, aided by an automated alarm, listening for auditory signals while
concurrently performing a separate visual task. The visual task consisted of scanning 12

double-spaced lines of upper case characters that scrolled upwards. Participants looked
for a specific character. System performance in these experiments was consistent with

the predictions of the contingent criterion model but slightly below the predicted level.
This was attributed to the contingent criterion model's prediction of ideal performance,

and not to human behavior. The authors contend that performance, which was below
predicted values, was not due to inappropriate operator observing strategies.

Robinson and Sorkin (1985) measured the performance of a person-machine
system consisting of an automated alarm system and a human monitor. A contingent

criterion model of such a system was developed using basic concepts of statistical

decision theory, as in Sorkin & Robinson, 1984. According to Robinson and Sorkin's
model, the human monitor should establish two criteria for responding: one contingent on

an alarm from the automated detector and one contingent on no-alarm. The model
predicts large gains in performance for the person-machine system compared to either

detector alone. The degree to which the human participants perform in the manner
suggested by the model was evaluated through two experiments. The two experiments

were the same as those in Sorkin & Robinson, 1984.

The first experiment consisted of an auditory signal presented within white noise.
Participants in this experiment experienced better performance when aided by an
automated detector than when performing the detection task alone. In the second
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experiment, participants performed two tasks concurrently: a scrolling letter task and a
diagnostic decision task. As in the experiment that evaluated the auditory detection task,
performance within the human-plus-alarm condition was better than either the human or

the alarm alone.
Sorkin et al. (1988) introduced the concept of a likelihood alarm display (LAD).
A likelihood alarm is described as an alarm display that conveys the urgency of an alerted

state. In this type of display, information about the likelihood of an event is computed by
an alarm and encoded into an alerting signal for the human operator. An example of this

would be a speech alarm display that has four levels of urgency: 1. no message, 2.
"possible signal," 3. "likely signal, " and 4. "urgent signal." In this research, operator
performance within a dual-task paradigm was evaluated with two LADs: a color-coded

visual alarm and a message coded speech alarm. The operator’s primary responsibility
was a tracking task, while the secondary task was one of monitoring a four-element
numeric display to determine whether an alarm or no alarm condition was present. A

simulated “intelligent” alarm system notified the operator to the likelihood of a signal.
The results of this study indicated three possible findings. First, contrary to

conventional logic, the addition of a secondary task of monitoring an automated alarm
system can improve performance on the primary tracking task as well as the secondary
monitoring task, suggesting that the addition of an alarm decreases operator workload.

Second, LADs in particular can improve attention allocation among primary and

secondary tasks as well as provide for ease of information integration into operator
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decision processes. Third, LADs do not necessarily add to the operator’s attentional load

as measured by primary task performance.
Getty et al. (1995) investigated the effect of an alarm's response bias on operator
reaction time (RT) to the alarm. The authors note that in real life alarm systems, the

response bias of an alarm is often set to an extremely liberal criterion in order to
maximize the number of hits, but that this strategy results in an operator that tends to

ignore the information presented by the alarm display because of the alarm display's lack

of validity. In other words, a small proportion of the alarm display's warnings truly

indicate the condition to be avoided, so operators ignore or respond slowly to the alarm.
The authors contend that this is the case even for very sensitive alarms operating at very

conservative thresholds for issuing a warning because the probability of a dangerous
condition actually existing is usually very low.
Their experiment examined the effects of variation in alarm response bias, or

what the authors refer to as positive predictive value (PPV), on operator response time to
a warning display. The structure of the experiment used bonuses and penalties to place

premiums on accurate performance in a primary tracking task and on rapid response to

the warnings. The authors report quick response times for conservative alarms, bimodal
response times for unbiased alarms, and predominantly long response times for liberal
alarms. The participants’ response strategy for different alarm display warning criteria

was considered by the authors to be optimal for the cost-benefit structure of the

experiment.
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Elvers and ElRif (1997) had participants monitor a system for abnormal states
while being aided by an alarm display. The difference between this study and previous

studies of this type was the manipulation of the correlation between the information
available to the alarm display and the information available to the observer. Correlation
was manipulated by controlling the source of information the human and the automated
alarm monitored. There were three sets of information that were either: dependent (both
observer and alarm display monitored the same information); partially independent (the
information that the alarm display monitored and the information the operator monitored

were partially correlated); or independent (the operator and the alarm observed
information that was completely unique of each other). The response criteria of the alarm
and the human were manipulated. Alarm response bias was actively manipulated by

varying the alarm's threshold for signaling. The human response criteria was passively

manipulated by measuring the participants' ratings of the likelihood the alarm was valid
or not. Workload was also manipulated by requiring a participant to perform either an

easy (low workload) or a difficult (high workload) tracking task.

The participants performed two tasks. The primary task was a unidimensional
tracking task, and the secondary task was a detection task. The results of the experiment

indicated that system sensitivity (d'system) decreases as the information the alarm and the
monitor evaluate become increasingly dependent. In addition, Elvers and ElRif (1997)
contended that the benefits of the alarm displays do not always outweigh the associated
costs of primary task performance degradation, especially when the information the alarm

and the operator monitor become more highly correlated.
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Summary

As can be seen from an examination of the literature presented within the
preceding review, the alarm display literature has several consistent findings. The

literature suggests that automated alarm displays increase system performance under high
workload conditions (Sorkin & Robinson, 1984; Robinson & Sorkin, 1985; Sorkin et al.,

1988; Getty et al., 1995; Elvers & ElRif, 1997). In addition, the research suggests that
under low workload conditions, the cost of an automated alarm may not be worth the gain

in system performance, and that in fact the addition of an alarm display may actually
decrease system performance under low levels of workload. (Pollack, & Madans, 1964;
Elvers & ElRif, 1997) It should be noted that the literature in particular calls researchers
to perform more experimentation within the subject of alarm displays, in particular
experimentation that more closely resembles real world environments. (Patterson, 1983;

Sorkin & Robinson, 1984; Robinson & Sorkin, 1985; Sorkin et al., 1988; Getty et al.,

1995)

The Current Study
The current study examined the effects of alarm display response bias and

operator workload in a similar maimer as the previous literature, particularly: Pollack &

Madans, 1964; Sorkin & Robinson, 1984; Robinson & Sorkin, 1985; Sorkin et al., 1988;
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and Elvers & ElRif, 1997. This was chosen as the topic of study because of the workload
measurement gap present in the existing literature. The existing literature does not

directly examine operator workload. Rather, it either assumes what the workload level of
the operator is on the basis of primary task performance or, in other cases, the

experimenter’s perceived level of workload. That is, the experimenter states the primary
task places a high workload demand on the operator solely because the task is more

complex (e.g. uses more sinusoids, as in Sorkin & Robinson, 1984; Robinson & Sorkin,

1985; Sorkin et al., 1988; and Elvers & ElRif, 1997). This, however is a statement of
belief rather than empirical fact. Primary task performance in these studies may degrade
as a function of the complexity of the primary task, rather than an addition of mental

workload from the secondary detection task. What remains for the system designer is

confusion as to the actual level of workload being manipulated by the primary task, and
how that level of workload relates to the level of workload the operator will experience in

the system for which they are designing a display.
What made this examination unique in comparison to previous experiments in the

alarm display literature was the actual measurement of the primary task’s workload
demand on the operator. Using the NASA M-TLX as the empirical measure of workload,

this experiment concretely defined what it was considering the high and low workload
conditions. This allows system designers to accurately pair the findings of this study

with the system design requirements they face, aiding them in adopting alarm criteria that
maximizes system/operator performance and safety.
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In addition, the study asked a question not addressed in the previous literature.

By changing the alarm display’s criterion during a block of trials, how quickly an

operator can detect an alarm’s criterion change/shift was examined. The literature as a

whole strongly supports the idea that operators key into the criteria the alarm is using,

and change their criteria accordingly (Sorkin et al., 1988; Getty et al., 1995; Elvers &
ElRif, 1997). However, no research before this examined how quickly this switch occurs.
This was valuable to examine due to the possible implications for alarm design.

If research were to consistently show that operators are quick (require a small
number of trials) to adjust to an alarm that has adopted a new response criterion, the

system designer could create alarm displays that changed their response criteria based on
the level of workload the operator was currently experiencing. For example: in an

aviation environment, it is common for aircrew to experience high levels of workload
during takeoff and landing, however during free flight workload is consistently low. In

an environment where workload is predictable or real-time measurable, having an alarm

display change its response criterion to best suit the current operator workload may
increase the overall system performance in all states of system operation, rather than one

specific circumstance.

Predictions
An interaction between workload and response bias was predicted for d’system. It

was predicted that the alarm display with the most conservative response bias would lead
to the highest performance in the high workload condition, and degrade performance in
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the low workload condition. It was also predicted that the liberal alarm would have the
highest performance in the low workload condition, and degrade performance in the high
workload condition.

Because conservative alarms rarely alert, it was predicted that they would allow
more attentional resources to be available for the performance of the primary task, which

is of paramount importance in the high workload condition. Conversely, it was predicted

that the conservative alarm would degrade performance in the low workload condition
because it would lower overall system sensitivity when the operator has resources

available to allocate to the detection task.
In addition, it was predicted that operators would quickly realize that the alarm

display had changed its response bias, and would change their criterion to accommodate
the alarm display’s new criterion accordingly. The predicted change in the observer’s
response bias was measured by assessing the average number of trials required for a

participant’s RT to change in response to the change in the alarm’s response bias. Getty
et al. (1995) have shown that operator response time is quick (in the order of one to two
seconds) for conservative alarms, whereas response time is slow (in the order of seven to
eight seconds) for liberal alarms. This difference in response latency between liberal and

conservative alarms is quite large, and represents a clear criterion shift. Once the range
of trials where an observer’s criterion shifted was determined, all participant ROCs,
d system, and p were examined individually using descriptive statistics.
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CHAPTER II
METHOD

Participants

Six paid graduate student volunteers (two female, four male) participated.
Participants had corrected vision to 20/20, and did not have reported hearing deficiencies.
Participants were paid based upon their performance of the tracking and detection tasks.

The study consisted of eight one-hour sessions per participant, and spanned a two-week
time period. Both workload conditions (high and low) occurred during each session.
Participants reported at the same time of day for all of their sessions. Sessions were

scheduled Monday through Thursday of the first and second weeks.
The performance criterion for the study’s payoff was based on the individual

participant’s d’system on the detection task and root mean square (RMS) error on the
tracking task. The outcome of the payoff schedule was such that the average participant
received approximately six dollars and fifty cents per hour. The minimum pay per hour
was four dollars, while the maximum pay was limited to twenty dollars per hour. A ten

dollar bonus was awarded for those participants who completed the study. Participants
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earned more money for good tracking performance, and for rapid response to true alarms.
No penalty or bonus was awarded for responses to a false alarm from the alarm display.

In other words, the tracking task and the detection task were in competition with each

other, so the participant had to learn the relative importance of the two tasks in order to
maximize the amount of money they received for each session. The tracking task was

worth two thirds of the maximum possible pay, and the detection task was worth one
third of the maximum possible pay. The total payment of participants equaled $322.89.

Treatment of participants was in accordance with “Ethical Principles of
Psychologists” (American Psychological Association, 1992), and the University of

Dayton Department of Psychology Research Review and Ethics Committee.

Tasks
Participants performed two tasks concurrently. The primary task was a

unidimensional tracking task in which the participant followed a plus sign that was

identified as a target aircraft on their monitor with a block cursor that was identified as
their own aircraft (adapted from Sorkin et al., 1988; Elvers & ElRif, 1997) with two

subjective workload levels (high and low). A mouse was used to control the path of the
participant's aircraft.
The secondary task was a signal detection task. Four numbers appeared
periodically. Based on these four numbers, the participants indicated whether or not they

believed that their aircraft was performing acceptably. When the aircraft was performing

acceptably, the displayed numbers were sampled from a normal distribution with a mean
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of three (noise). When the aircraft was in an unacceptable condition, the numbers

displayed were sampled from a normal distribution with a mean of four (signal plus
noise). Both distributions had a standard deviation of 1.54. The participants were aided

by an automated alarm display, which observed four additional/independent samples
from the same distribution. Based on these four additional observations, the alarm
display signaled an unacceptably performing aircraft by sounding a complex tone with a

fundamental frequency of 700 Hz, and the alarm display signaled an acceptably
performing aircraft by sounding a complex tone with a fundamental frequency of 500 Hz

tone. The participants responded on a four point scale, on which a response of “1”

indicated that the participant is absolutely certain the aircraft was performing acceptably,
“2” indicated that the participant was fairly certain that the aircraft was performing
acceptably, "3" indicated that the participant was fairly certain that the aircraft was
performing unacceptably, and "4" indicated that the participant was absolutely certain

that the aircraft was performing unacceptably.
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Design
The study was a 2 (alarm bias) by 2 (workload) factorial repeated measures

design. The response bias of the alarm was manipulated by controlling the response
criterion of the alarm. The liberal alarm responded if there was a 25% or greater chance

of there being a hit, and the conservative alarm responded if there was a 75% or greater

chance of there being a hit. The probability of there being a hit was determined by the
alarm drawing four different numbers from the same distribution as the observer,
averaging these numbers, and assessing hit likelihood. Workload was manipulated by
controlling the primary tracking task.
Both the low and high workload primary tracking tasks were established through

a pilot study (see Appendices A-D). The pilot study measured ten participants' (five

males and five females) subjective workload experiences on six tracking tasks using the

NASA M-TLX. The two tasks were chosen based on their associated workload levels
(33.33 and 57.42, respectively). These workload levels were chosen because tasks of

these values do not tend to produce a ceiling effect or a floor effect when paired with
secondary tasks. Given the criteria in the Engineering data compendium: Human
perception and performance (Table 2), the NASA M-TLX was chosen for workload

measurement. The NASA M-TLX supports all of the criterion given in the Engineering
data compendium: Human perception and performance as it is sensitive, discriminant,

non-intrusive, easy to administer, and does not require a large amount of operator training
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(Hill, et al., 1992) or consume large amounts of time for the operator to complete
(Moroney et al., 1995).

Apparatus

The study was run on an IBM compatible computer with a 66 MHz 486
processor. The monitor was a color cathode ray tube with a 14” (35.56 cm) viewable

diagonal screen. The display was 80 X 25 characters. A standard Microsoft mouse was

used to control the cursor.

Procedure

After reading and agreeing to the conditions within the informed consent
document (Appendix E), participants were instructed on task performance (Appendix G).

In order to prepare the participants for the experiment, four days were allocated

for practice (days one, two, three and six). Day one consisted of both high and low
workload tracking task conditions. Day two consisted of the detection task without the

tracking task. Days three and six were both tracking and detection tasks combined.
Participants were considered proficient on the low subjective workload tracking task
when their RMS error was less than or equal to 1.96. Participants were considered
proficient on the high subjective workload tracking task when their RMS error was less
than or equal to 6.33. These values were arrived upon based on the pilot study

participant's performance. Both criterion represent a tracking task performance one
standard deviation better than the pilot study participants' average. Participants were

26

considered proficient in the unaided detection task when the participant achieved a d’system

of 1.00 (ideal dsystem — 1.30 or

4~

j

V4 )•

Days three through eight required the participants to perform the tracking task and

the detection task concurrently. Four days were devoted to data gathering, as the first day
of a given condition was considered practice. Two days measured participants going

from the low workload condition to the high workload condition. Two days measured

participants going from the high workload condition to the low workload condition.
Presentation of conditions was counterbalanced using a Balanced Latin Square across

participants in order to control for practice effects.

Days three through eight were divided into two thirty-minute blocks.

Approximately every four minutes, a one-minute break was given. Each block held the
workload level constant, while varying the alarm criterion. During the first half of each

block on days three through eight, participants experienced either the conservative alarm
or the liberal alarm followed by the reciprocal during the second half of the block. The

alarm's criterion shift occurred immediately following the third break of a block. During
the sessions on days three through eight, the participants were instructed to concurrently
perform the tracking and detection tasks.
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Table 4. Experimental Schedule
Day
One
Two
Three
Four
Five
Six
Seven
Eight

Task
Tracking
Monitoring
Tracking + Monitoring
Tracking + Monitoring
Tracking + Monitoring
Tracking + Monitoring
Tracking + Monitoring
Tracking + Monitoring

Practice
X
X
X

Measured

X
X

X
X
X

Participants were instructed to use their dominant hand for the tracking task, and

their other hand for the detection task. Participants were permitted to respond to the
detection task at any time during the trial, and up to 500ms after each trial. Each trial was
followed by two seconds of feedback during all practice and experimental conditions.

Feedback consisted of the monitor displaying one of the following messages after each
trial, dependent on the outcome of the trial: “Correct Detection,” “Correct Rejection,”

“False Alarm,” or “Missed Signal.”

Each trial was ten seconds in length. Each trial had an equal chance of being a

noise or signal-plus-noise trial. The inter-trial interval was a uniform distribution with a
mean of 7000ms and a standard deviation of 866ms. Inter-trial interval was a minimum
of 5500ms, but no more than 8500ms (adapted from Elvers & ElRif, 1997). Each
participant was measured approximately 42 times before and after the alarm criterion

shift per block of trials, resulting in approximately 168 measurements per participant
across the entire experiment. This resulted in 1008 measurements per condition across
participants. Participant detection of the alarm’s criterion change was measured by the
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participant’s change in RT to the alarm. Mean number of trials to RT change was used to

determine the swiftness of the participant’s detection.
RT change in the conservative-alarm-to-liberal-alarm condition was operationally

defined as when the average participant RT over five trials to the liberal alarm was
greater than or equal to 1.96 standard deviations above the mean RT of all the

conservative alarm trials. RT change in the liberal-alarm-to-conservative-alarm condition
was operationally defined as when the average participant RT over five trials to the

conservative alarm was greater than or equal to 1.96 standard deviations below the mean
RT of all the liberal alarm trials. RT change was considered as approaching statistical

significance in the conservative-alarm-to-liberal-alarm condition when average
participant RT over five trials to the liberal alarm was greater than or equal to 1.65

standard deviations above the mean RT of all the conservative alarm trials. RT change
was considered as approaching statistical significance in the liberal-alarm-toconservative-alarm condition when average participant RT over five trials to the

conservative alarm was greater than or equal to 1.65 standard deviations below the mean
RT of all the liberal alarm trials.

The window of five trials measuring operator RT change to the alarm began by
measuring participant RT for the first five trials of the new condition. In the event that
participant RT change did not occur during those five trials, participant RT was then

measured in the second through sixth trials of the new condition. In the event that
participant RT change did not occur during those five trials, participant RT change was
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measured in the third through seventh trials, and so on until a change in participant RT
was observed, or there were no trials remaining.
In order to ensure that the pre-tested tracking tasks were in fact loading the

attentional demands of participants, the NASA M-TLX was administered to participants

after each of the two blocks of tracking task practice on day one.
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CHAPTER III
RESULTS

Data Analysis

Data analysis consisted of two 2(alarm bias) X 2(workload) repeated-measures

factorial analysis of variance (ANOVA) for d'system, and speed of observer criterion
change. An a level of .05 was adopted for statistical significance, and an a of .10 was

adopted as approaching statistical significance. The interaction of workload and response
bias was also examined. The speed of observer criterion change was measured by

comparing the mean number of trials required to achieve a RT change.

RT change in the conservative-alarm-to-liberal-alarm condition was operationally
defined as when the average participant RT over five trials to the liberal alarm was

greater than or equal to 1.96 standard deviations above the mean RT of all the
conservative alarm trials. RT change in the liberal-alarm-to-conservative-alarm condition
was operationally defined as when the average participant RT over five trials to the
conservative alarm was greater than or equal to 1.96 standard deviations below the mean
RT of all the liberal alarm trials. RT change was considered as approaching statistical
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significance in the conservative-alarm-to-liberal-alarm condition when average

participant RT over five trials to the liberal alarm was greater than or equal to 1.65

standard deviations above the mean RT of all the conservative alarm trials. RT change
was considered as approaching statistical significance in the liberal-alarm-toconservative-alarm condition when average participant RT over five trials to the

conservative alarm was greater than or equal to 1.65 standard deviations below the mean
RT of all the liberal alarm trials.
The window of five trials measuring operator RT change to the alarm began by
measuring participant RT for the first five trials of the new condition. In the event that

participant RT change did not occur during those five trials, participant RT was then

measured in the second through sixth trials of the new condition. In the event that
participant RT change did not occur during those five trials, participant RT change was

measured in the third through seventh trials, and so on until a change in participant RT
was observed or no trials remained.

In addition to the preceding analyses all participant ROCs, d’system, and log

p were

examined individually using descriptive statistics. Since participant's ROCs, d’system, and

log p were similar, the aggregate of all participant ROCs, d’system, and log p were also

examined using descriptive statistics.

32

Repeated Measures Factorial ANOVA

A main effect of operator workload was predicted. It was predicted that the low
workload condition would have a higher d’system than the high workload condition. The
mean value of d’system was 1.31 in the low workload condition, while the mean value of
d’system

was 1.25 in the high workload condition. Inconsistent with the hypothesis the

ANOVA failed to reveal a main effect of operator workload F(l,5) = 1.11,7? = -34, MSE

= 0.03.
A main effect of alarm response bias was predicted. It was predicted that the

conservative alarm condition would have a higher d’system than the liberal alarm condition.
The mean value of d’system was 1.25 in the conservative alarm condition, while the mean

value of d’system was 1.31 in the liberal alarm condition. Inconsistent with the hypothesis
the ANOVA revealed a main effect of alarm response bias, but in an unpredicted
direction F(1,5) = 7.90,7? = .04, MSE = 0.01.
An interaction between workload and response bias was predicted for d’system. It

was predicted that the alarm display with the most conservative response bias would lead

to the highest performance in the high workload condition, and degrade performance in

the low workload condition. It was also predicted that the liberal alarm would have the
highest performance in the low workload condition, and degrade performance in the high
workload condition.
Because conservative alarms rarely alert, it was predicted that they would allow

more attentional resources to be available for the performance of the primary task, which

33

is of paramount importance in the high workload condition. Conversely, it was predicted

that the conservative alarm would degrade performance in the low workload condition
because it would lower overall system sensitivity when the operator has resources
available to allocate to the detection task. The mean value of d’system was 1.34 in the
conservative alarm and high workload condition and was 1.47 in the liberal alarm and

low workload condition. The mean value of d’system was 1.16 in the conservative alarm
and low workload condition and was 1.16 in the liberal alarm and high workload

condition. Consistent with the hypothesis the ANOVA revealed an interaction (Figure 3)
of alarm response bias and operator workload F(1,5) - 13.09, p = .02, MSE = 0.03.

Table 5. ANOVA Summary Table for Operator Workload

SS

df

F

Operator Workload

0.03

1

1.11

Operator Workload Error

0.12

5

(0.03)

SS

df

F

Alarm Response Bias

0.02

1

7.90*

Alarm Response Bias Error

0.01

5

(0.01)

Source

Table 6. ANOVA Summary Table for Alarm Response Bias
Source
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Table 7. ANOVA Summary Table for the Operator Workload and Alarm Response Bias
Interaction

SS

df

F

Operator Workload X Alarm Response Bias

0.35

1

13.09*

Operator Workload X Alarm Response Bias Error

0.14

5

(0.03)

Source

Note. Values enclosed in parentheses represent mean square errors

*P < 0.05

Figure 3. Operator Workload and Alarm Response Bias Interaction

High Workload
~e— Low Workload

Alarm Bias
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Individual Participant Descriptive Data
Participant One

Table 8.

d’system

and Log p for Participant One Across All Conditions

d system
1.42
1.35
1.24
1.33

Condition
High Workload, Conservative Alarm
High Workload, Liberal Alarm
Low Workload, Conservative Alarm
Low Workload, Liberal Alarm

Logp
-0.02
-0.18
-0.08
-0.10

Participant One became more conservative in his responses to the conservative

alarm and more liberal in their response to the liberal alarm. This is opposite of what was
expected compared to the previous literature where operators tend to balance out the
response bias of the automated detector with their own response bias. Participant One

demonstrated d’system consistent with expectations for the most part. However, his
performance in the low workload, liberal alarm condition was very similar to his
performance in the high workload, liberal alarm condition.

p(fa)

Figure 4. Participant One ROC for the High Workload-Conservative Alarm Condition
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Figure 5. Participant One ROC for the High Workload-Liberal Alarm Condition

p(fa)

Figure 6. Participant One ROC for the Low Workload-Conservative Alarm Condition
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Figure 7. Participant One ROC for the Low Workload-Liberal Alarm Condition

Figures 4 through 7 show that as Participant One becomes more liberally biased,
the hit rate increases roughly proportionally to the false alarm rate across all conditions.

Participant One had two significant RT changes to the liberal alarm from the
conservative alarm (1.96 standard deviations above the mean of the preceding block of
conservative alarm trials), once on trials 6-10, and once on trials 17-21 after the alarm’s
criterion change. In addition, Participant One had two RT changes that approached

significance to the liberal alarm from the conservative alarm (1.65 standard deviations

above the mean of the preceding block of conservative alarm trials), once on trials 14-18,
and once on trials 19-23 after the alarm’s criterion change. Participant One had no RT

changes in any transitions from the liberal alarm to the conservative alarm that even
approached significance.
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Participant Two

Table 9.

d’system

and Log

p for Participant Two Across All Conditions
d system
1.06
0.65
0.84
1.41

Condition
High Workload, Conservative Alarm
High Workload, Liberal Alarm
Low Workload, Conservative Alarm
Low Workload, Liberal Alarm

LogP
-0.08
-0.03
0.02
0.15

Participant Two became more liberal in her responses to the high workload
conditions compared to the low workload conditions. Participant Two demonstrated
d’system

consistent with expectations. Participant Two, however, engaged in all-or-nothing

responses in the high workload, conservative alarm condition as evidenced by the ROC in

Figure 8.

P(fa)

Figure 8. Participant Two ROC for the High Workload-Conservative Alarm Condition
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Figure 9. Participant Two ROC for the High Workload-Liberal Alarm Condition

p(fa)

Figure 10. Participant Two ROC for the Low Workload-Conservative Alarm Condition
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P(fa)

Figure 11. Participant Two ROC for the Low Workload-Liberal Alarm Condition

Figures 9 through 11 show that as Participant Two becomes more liberally biased,
the hit rate increases roughly proportionally to the false alarm rate across all conditions.

Participant Two had a significant RT change to the liberal alarm from the
conservative alarm (1.96 standard deviations above the mean of the preceding block of
conservative alarm trials) one time on trials 6-10 after the alarm’s criterion change.
Participant Two did not have any significant or approaching significant RT changes in
any transitions from the liberal alarm to the conservative alarm.
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Participant Three
Table 10. d’system and Log

p for Participant Three Across All Conditions
d system
1.52
1.40
1.46
1.57

Condition
High Workload, Conservative Alarm
High Workload, Liberal Alarm
Low Workload, Conservative Alarm
Low Workload, Liberal Alarm

Logp
0.20
-0.04
0.35
0.01

Participant Three became more conservative in his responses to the conservative
alarm and more liberal in their response to the liberal alarm. This is opposite of what was
expected compared to the previous literature where operators tend to balance out the
response bias of the automated detector with their own response bias. Participant Three

did, however, demonstrate d’system consistent with expectations.

p(fa)

Figure 12. Participant Three ROC for the High Workload-Conservative Alarm Condition
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Figure 13. Participant Three ROC for the High Workload-Liberal Alarm Condition

p(fa)

Figure 14. Participant Three ROC for the Low Workload-Conservative Alarm Condition
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Figure 15. Participant Three ROC for the Low Workload-Liberal Alarm Condition

Figures 12 through 15 show that as Participant Three becomes more liberally
biased, the hit rate increases roughly proportionally to the false alarm rate across all

conditions.
Participant Three did not have any significant or approaching significant RT

changes in any transitions from the liberal alarm to the conservative alarm or vice versa.
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Participant Four

Table 11. d’system and Log P for Participant Four Across All Conditions
Condition
High Workload, Conservative Alarm
High Workload, Liberal Alarm
Low Workload, Conservative Alarm
Low Workload, Liberal Alarm

d’system

1.55
1.29
1.03
1.56

Logp
0.38
0.04
0.18
0.12

Participant Four became more conservative in his responses to the conservative

alarm and more liberal in their response to the liberal alarm. This is opposite of what was

expected compared to the previous literature where operators tend to balance out the
response bias of the automated detector with their own response bias. Participant Four

did, however, demonstrate d’system consistent with expectations.

p(fa)

Figure 16. Participant Four ROC for the High Workload-Conservative Alarm Condition
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Figure 17. Participant Four ROC for the High Workload-Liberal Alarm Condition

p(fa)

Figure 18. Participant Four ROC for the Low Workload-Conservative Alarm Condition

47

p(fa)

Figure 19. Participant Four ROC for the Low Workload-Liberal Alarm Condition

Figures 16 through 19 show that as Participant Four becomes more liberally

biased, the hit rate increases roughly proportionally to the false alarm rate across all
conditions.

Participant Four did not have any significant or approaching significant RT
changes in any transitions from the liberal alarm to the conservative alarm or vice versa.
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Participant Five
Table 12.

d’system

and Log p for Participant Five Across All Conditions

d system
1.09
1.03
1.12
1.37

Condition
High Workload, Conservative Alarm
High Workload, Liberal Alarm
Low Workload, Conservative Alarm
Low Workload, Liberal Alarm

Logp
-0.09
-0.09
-0.04
-0.33

Participant Five was liberal in her responses in all conditions. Their bias was
inconsistent, not appearing to vary with either workload or alarm bias. Participant Five
achieved a higher d’system in the low workload conditions than in the high workload

conditions, and did not demonstrate the expected interaction of the other participants.
Participant Five, however, responded in a binary manner(“yes” or “no”) and did not use

the midpoints of the scale as evidenced by the ROCs of Figures 20,21,22 and 23.

p(fa)

Figure 20. Participant Five ROC for the High Workload-Conservative Alarm Condition
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Figure 21. Participant Five ROC for the High Workload-Liberal Alarm Condition

P<fa)

Figure 22. Participant Five ROC for the Low Workload-Conservative Alarm Condition
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Figure 23. Participant Five ROC for the Low Workload-Liberal Alarm Condition

Participant Five did not have any significant or approaching significant RT
changes in any transitions from the liberal alarm to the conservative alarm or vice versa.
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Participant Six
Table 13.

d’system

and Log p for Participant Six Across All Conditions

Condition
High Workload, Conservative Alarm
High Workload, Liberal Alarm
Low Workload, Conservative Alarm
Low Workload, Liberal Alarm

d’system

1.39
1.28
1.28
1.55

Logp
-0.14
-0.12
-0.02
-0.09

Participant Six became more conservative in his responses to the low workload

condition, but overall remained liberal in their responses. Participant Six demonstrated
d’system

consistent with expectations.

p(fa)

Figure 24. Participant Six ROC for the High Workload-Conservative Alarm Condition
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Figure 25. Participant Six ROC for the High Workload-Liberal Alarm Condition

p(fa)

Figure 26. Participant Six ROC for the Low Workload-Conservative Alarm Condition
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Figure 27. Participant Six ROC for the Low Workload-Liberal Alarm Condition

Figures 23 through 27 show that as Participant Six becomes more liberally biased,

the hit rate increases roughly proportionally to the false alarm rate across all conditions.

Participant Six had a significant RT change to the conservative alarm from the
liberal alarm (1.96 standard deviations below the mean of the preceding block of liberal

alarm trials) one time on trials 4-8 after the alarm’s criterion change. Participant Six did
not have any significant or approaching significant RT changes in any transitions from

the conservative alarm to the liberal alarm.
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Aggregate of Participant Descriptive Data

Table 14. Aggregate Participant d’system and Log p Across All Conditions
d system
1.29
1.15
1.12
1.43

Condition
High Workload, Conservative Alarm
High Workload, Liberal Alarm
Low Workload, Conservative Alarm
Low Workload, Liberal Alarm

Logp
0.02
-0.07
0.06
-0.04

When viewed as a whole, participants became more conservative in their
responses to the conservative alarm and more liberal in their response to the liberal alarm.
This is opposite of what was expected compared to the previous literature where

operators tend to balance out the response bias of the automated detector with their own
response bias. Participants did, however, perform consistent with expectations as
measured by d’system. Participants had their best performance in the low workload, liberal

alarm condition followed by the high workload, conservative alarm condition.

p(fa)

Figure 28. Aggregate ROC for the High Workload-Conservative Alarm Condition
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P(fa)

Figure 29. Aggregate ROC for the High Workload-Liberal Alarm Condition

pW

Figure 30. Aggregate ROC for the Low Workload-Conservative Alarm Condition
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p(fo)

Figure 31. Aggregate ROC for the Low Workload-Liberal Alarm Condition

When participants are viewed as a whole, Figures 28 through 31 show that as
participants become more liberally biased, the hit rate increases roughly proportionally to

the false alarm rate across all conditions.
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CHAPTER IV

DISCUSSION

An interaction between workload and response bias was predicted for d’system. It

was predicted that the alarm display with the most conservative response bias would lead

to the highest performance in the high workload condition, and degrade performance in
the low workload condition. It was also predicted that the liberal alarm would have lead
to the highest performance in the low workload condition, and degrade performance in

the high workload condition. This occurred in the study, and is consistent with the
hypothesis that: First, because conservative alarms rarely alert, they allow more
attentional resources to be available for the performance of the primary task, which is of

paramount importance in the high workload condition; and Second the conservative

alarm would lower overall system sensitivity in the low workload condition when the
operator had additional attentional resources available to allocate to the detection task.
It was predicted that there would be a main effect of operator workload. This was

not observed in the current study. Following the Yerkes-Dodson law, workload that is

either too high or too low will decrease task performance. Task performance will be poor
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at the upper extreme due to too many task demands for the available capacity. At the
lower extreme, undemanding tasks may have an adverse effect on performance due to the

operator either not preparing to perform the task, or a failure on the part of the operator to
monitor their task performance (Proctor & Van Zandt, 1994). It is possible that in the
current study, the high workload condition created too many demands for the available

attentional capacity and that the low workload condition lead to participants not

monitoring their performance. It is possible that the same level of performance can occur
if workload is either too high or too low. To address this concern future research could

better measure performance across varying levels of workload by making workload more
than a dichotomous variable.
A main effect of alarm response bias was predicted and observed. However, the

observed direction of this main effect was not expected. It was predicted that because the
conservative alarm would rarely alert, the conservative alarm condition would allow

more attentional resources for the performance of the primary task, yielding higher d’system
in the conservative alarm conditions compared to the liberal alarm conditions. However,
participants had a higher observed d’system (1.31) in the liberal alarm condition compared

to the observed d’system (1.25) in the conservative alarm condition.
In a contingent criterion model (Sorkin and Robinson, 1984) the components of

the system in the current study are viewed as two cascaded signal detection systems. The
alarm display is considered one component, and the operator is considered the second.
Together, the alarm and the operator form one system. This model states that the
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operator will form two criteria for response: one for when the alarm is signaling, and the
other when the alarm is not.
It is possible that the main effect in the direction opposite from the predictions of

alarm response bias occurred in the current study because the operators placed too high of
a value on the information provided by a signaling alarm and used the signaling alarm as
a filter for their responses, leading the participants to mimic the alarm’s decision. There

are at least three reasons why this could occur. First, the participants did not trust their

own ability to judge system state. Second, the participants trusted the alarm designer too
much. Third, the participants may have been attempting to minimize the attentional
resource required of the detection task in order to maintain primary task performance. If

the operator was mimicking the alarm, the operator would not be adding additional
sensitivity to the detection task. The mimicking strategy could seem appropriate to the
participant, especially during the high workload tracking task when the participant has a
lesser amount of attentional resource to dedicate to the detection task. Mimicking the

alarm would lead to higher d’system in the liberal alarm condition because the liberal alarm

would signal more often, providing the operator more information to respond with a
judgement of system state.
To test this explanation of the result, post-hoc analyses were conducted. For the
first post-hoc analysis, all detection task trials across all conditions and all participants

were sorted by alarm state. All of the detection task trials in which the alarm was
signaling a high pitch tone (“alarm signaling” indicating an aircraft performing
unacceptably: alarm indicating its belief of a signal plus noise trial) were placed in one
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group, and all of the detection task trials in which the alarm was signaling a low pitch

tone (“alarm not signaling” indicating an aircraft performing acceptably: alarm indicating
its belief of a noise trial) were placed in the second group. For the second post-hoc

analysis, mimicking behavior was examined by sorting all detection task trials across all

conditions and all participants by alarm bias. For each analysis,

d’system

and response bias

was analyzed.
If the alternative hypothesis explaining the main effect in the direction opposite

from the predictions was accurate, one would expect that the group of trials in which the
alarm was signaling a high pitch tone would have a higher d’system compared to the group
of trials in which the alarm was signaling a low pitch tone. This would be the finding

because operators would not be adding sensitivity to the detection system during trials in

which the alarm was signaling a low pitch tone, and would be adding sensitivity to the
system during trials in which the alarm was signaling a high pitch tone. In addition, one
would expect the operator’s response bias to be unbiased in the alarm not signaling a

signal plus noise trial and conservative in the alarm signaling a signal plus noise trial.
Because operators are mimicking the system, they would have a bias consistent with the
alarm’s bias. Because the alarm was always signaling on trials in which operators were
actively monitoring the system, the operators would respond more conservatively in order

to avoid false alarms. This was found to be the case, as the aggregate of trials across
participants revealed a greater d’system (2.26) and a more conservative response bias as

measured by log P (0.19) for the signaling alarm than the d’system (1.08) and log p (0.07) of
the trials in which the alarm was not signaling. When mimicking behavior was analyzed,
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it was found that participants mimicked the alarm more closely in the liberal alarm
condition than in the conservative alarm condition. In the liberal alarm condition, d’system

was found to be 1.28 and log p system was found to be -0.06 compared to a d’aiarm of 1.52
and a log p alarm of-0.12. In the conservative alarm condition, d’system was found to be

1.19 and log P system was found to be 0.03 compared to a d’aiarm of 1.68 and a log p alarm of
1.18.

Table 15. Post-Hoc Analysis Results
Alarm State
Signaling
Not Signaling
Liberal
Conservative

d’system

2.26
1.08
1.28
1.19

log P system
0.19
0.07
-0.06
0.03

d’aiarm

1.52
1.68

log p alarm
-0.12
1.18

In addition, it was predicted that operators would quickly realize that the alarm

display had changed its response bias, and would change their criterion to accommodate
the alarm display’s new criterion accordingly. This was not found reliably in the current
study. A possible explanation for the lack of consistent RT change was the rapid pace of

the experiment’s trials which were much quicker than the experiment performed by Getty
et al. (1995) that demonstrated consistent operator reaction time change to an alarm’s

change in response bias. Participants in the current study possibly felt more time

pressure to respond to the alarm because of the relatively short trial and inter-trial interval
(10 seconds and 7 seconds respectively, on average) compared to the study of Getty et al.
(1995) which had a combined trial and inter-trial interval of 34 seconds on average.
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Revisions to the methods of this study may lead to the anticipated outcome. The

hypothesis made may be supported by new data if a study was designed with a similar
method but with two significant modifications. First, workload levels that are not

dichotomous. Secondly, trial and inter-trial intervals that are longer. If the low workload
level was not as extreme as it was in the current study, then participants may be
challenged enough to monitor and actively try to improve their detection performance in

the condition. In addition, if trial and inter-trial intervals were increased, the participants
would likely feel less time pressure to respond to the alarm display, and therefore

demonstrate a reaction time change to the alarm’s response bias change.

There are, however, practical implications of the current study that should not be
overlooked. Perhaps most importantly, the current study demonstrates that inexperienced

users experiencing high and low levels of workload may trust system designers. Whether
they should or not is a point for argumentation that will not be discussed here. However,

because trust may be placed in system designers by this type of system user, it suggests

that the system designer has an obligation to develop the safest, most reliable system that
they practically can develop by thoroughly testing and understanding system constraints.

For warning system designers in particular, the current research suggests that for better

overall system sensitivity, especially when the operator is new to a system, the system
designer should create an alarm that is more likely to false alarm than to create an alarm

that misses a signal regardless of the operator’s workload. This would be especially the
case if that potential missed signal could have dire consequences on the system state.
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Liberal alarms, however, may not always be the best solution over time. As an

operator becomes more familiar with the alarm system and realizes that it frequently
signals false alarms, their trust in the alarm will likely degrade. How many people do
you know who refer to the fire detector in their home lovingly as “the dinner bell”

without giving a moment’s consideration to the possibility of a fire? In addition, as
Robinson and Sorkin (1985) state: “It is possible that human operators can be trained to

use the available information [in a contingent criterion system] more efficiently and to set

criteria which will lead to improved system performance.” However, it is up to the
system designer to be certain through experimentation on their system with representative

users of their system, and knowledge of the capabilities and limitations of the system to
evaluate the appropriate trade-off for the task, environment and user.
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INFORMED CONSENT TO PARTICIPATE AS A RESEARCH
PARTICIPANT
Project Title: Tracking Tasks and Operator Subjective Workload

Investigators: Greg C Elvers, Ph.D., & Mark A. Cummings-Hill
Description and Duration of Experiment:
You will be asked to perform two tasks. The first task is a unidimensional
tracking task. In a unidimensional tracking task a target moves back and forth on the
computer monitor. Using a mouse you will attempt to follow the target with a cursor.
You will continuously track for approximately five minutes and then be given a one
minute rest break.
After the one minute break, you will be asked to complete a second task. The
second task is a subjective workload assessment task. During the subjective workload
assessment, you will be asked to rate the tracking task just performed on six scales.
These scales will then determine the level of workload created by performing the task.
No adverse effects on participants have been reported in previous experiments of
this type. However, participants may experience boredom and minor visual fatigue from
concentrating on the computer screen.
There will be one session lasting approximately one hour. There will be several
rest breaks during each session. You may voluntarily terminate your participation in this
experiment at any time.
Confidentiality of Data:
No record of your participation in this study will be disclosed to others. Your
name will not be revealed in any document resulting from this experiment.

Contact Person for Questions or Problems after Experiment:
Students who have any questions or problems with respect to this experiment may
contact Greg C Elvers, Ph.D. in SJ 312, ext. 2171 or Mark A. Cummings-Hill, in SJ 313,
ext. 2175.

Consent to Participate:
I have voluntarily decided to participate in this experiment. An investigator
named above has adequately answered any and all questions I have about this
experiment, the procedures involved, and my participation. I understand that an
investigator named above will be available to answer any questions about experimental
procedures throughout this experiment. I also understand that I may voluntarily terminate
my participation in this experiment at any time. I also understand that one of the
investigators named above may terminate my participation in this study if he feels this to
be in my best interest. In addition, I certify that I am 18 (eighteen) years of age or older.
Signature of Student

Date

Signature of Witness

Date
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Debriefing Statement for the "Tracking Tasks and Operator Subjective Workload"
Experiment

The experiment that you participated in had two tasks: a unidimensional tracking task and
a subjective workload assessment task. The unidimensional tracking task had six
different levels. The levels were manipulating the complexity with which the tracking
target moved. The stimuli that were more difficult to track were developed to have a
high subjective workload index. The stimuli that were easier to track were developed to
have a low subjective workload index. The purpose of this experiment was to develop
two distinctly different tracking tasks: one which produces an optimally high level of
subjective workload, and another that produces an optimally low level of subjective
workload. The two tasks that best produce these conditions will then be used as stimuli
within another study that will examine the effects of operator subjective workload levels
and the performance of an alarm display.

The NASA Modified-Task Load Index was used to measure your subjective workload.
The NASA-TLX (NASA, 1988) is a multi-dimensional rating procedure that provides an
overall workload score based on the weighted ratings of six scales: mental demands,
physical demands, temporal demands, own performance, effort, and frustration. The only
difference between the administration of the standard NASA-TLX and the NASA
Modified-TLX is that the modified index does not assign weights to the scales.
Weighting, however, has not been shown to increase the accuracy of workload
measurement (Moroney, Biers, & Eggemeier, 1995) so this experiment has spared you of
the longer unmodified procedure.
Your cooperation has been greatly appreciated. If you have further questions or
comments, please contact Greg C Elvers, Ph.D. in SJ 329, phone 229-2171 or Mark A.
Cummings-Hill in SJ 313, phone 229-2175.
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Instructions for the Subjective Workload Participants

Experimenter:
"In this study, you will be asked to perform two tasks. The first task is a
unidimensional tracking task. In the unidimensional tracking task, a target will move
back and forth on the computer monitor. Using the mouse, you will attempt to follow the
target with a cursor, attempting to keep the cursor over the target. You will continuously
track for approximately five minutes and then be given a one-minute rest break. During
the entire experiment, you will be asked to perform six tracking tasks of varying
difficulty. Do you have any questions regarding the tracking task? After each break,
after each tracking task, I will ask you to perform a second task.
"I am not only interested in assessing your performance on the tracking task, but
also the experiences you had during the task. Right now I am going to describe the
technique that will be used to examine your experiences. In the most general sense, I am
examining the 'workload' you experienced. Workload is a difficult concept to define
precisely, but a simple one to understand generally. The factors that influence your
experience of workload may come from the task itself, your feeling about your own
performance, how much effort you put in, or the stress and frustration you felt. The
workload contributed by different task elements may change as you get more familiar
with a task, perform easier or harder versions of it, or move from one task to another.
Physical components of workload are relatively easy to conceptualize and evaluate.
However, the mental components of workload may be more difficult to measure.
Since workload is something that is experienced individually by each person,
there are no effective 'rulers' that can be used to estimate the workload of different
activities. One way to find out about workload is to ask people to describe the feelings
they experienced. Because workload may be caused by many different factors, I would
like you to evaluate several of them individually rather than lumping them into a single
global evaluation of the overall workload. This set of six rating scales (present
participant with rating scale definitions table) was developed for you to use in
evaluating your experiences during the tracking tasks. Please read the descriptions of the
scales carefully. If you have a question about any of the scales in the table, please ask me
about it. It is extremely important that they be clear to you. You may keep the
descriptions with you for reference during the study.
After performing the tracking task, I will present to you six rating scales. You
will evaluate the task by marking each scale at the point which matches your experience.
Each line has two endpoint descriptors that describe the scale. Note that 'own
performance' goes from 'good' on the left to 'bad' on the right. This order has been
confusing to some people. Circle each scale at the desired point. Please consider your
responses carefully in distinguishing among the task conditions. Consider each scale
individually. Your ratings will play an important role in the evaluation being conducted,
thus, your active participation is essential to the success of this experiment, and is greatly
appreciated. Do you have any questions? Please begin the first tracking task now."
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Rating Scale Descriptions
Scale Title
MENTAL
DEMAND

PHYSICAL
DEMAND

TEMPORAL
DEMAND

EFFORT

PERFORMANCE

FRUSTRATION
LEVEL

Descriptions
Scale Endpoints
How much mental and perceptual activity was
Low/High
required (e.g. thinking, deciding, calculating,
remembering, looking, searching, etc.)? Was the
task easy or demanding, simple or complex,
exacting or forgiving?
How much physical activity was required (e.g.
Low/High
pushing, pulling, turning, controlling, activating,
etc.)? Was the task easy or demanding, slow or
brisk, slack or strenuous, restful or laborious?
How much time pressure did you feel due to the
Low/High
rate or pace at which the task or task elements
occurred? Was the pace slow and leisurely or
rapid and frantic?
How hard did you have to work to (mentally and
Low/High
physically) to accomplish your level of
performance?
How successful do you think you were in
Good/Poor
accomplishing the goals of the task set by the
experimenter (or yourself)? How satisfied were
you with your performance in accomplishing
these goals?
Low/High
How insecure, discouraged, irritated, stressed
and annoyed versus secure gratified, content,
relaxed and complacent did you feel during the
task?
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Results of the Subjective Workload Pilot Study

Tracking Task
Number

Number of
Sinusoidal
Components

One

3

Sinusoid (s)
Frequency (f),
Amplitude (a), and
Phase (p)
si: fO.ll, a8, pO.OO
s2: f0.07, a 6, p0.75

Overall
Workload
Range

Overall
Workload
Mean

3.33-48.33

19.16

6.66-56.66

30.33

6.66-86.66

57.42

7.50-80.83

41.42

7.50-71.66

45.33

11.66-78.33

52.16

s3: f0.16, a2, pl.25
si: f0.20, a 15,p 0.00

Two*

3

s2: f 0.11, alO,p 1.25
s3: f 0.37, a 4, p 2.50
si: f0.40,a20,p 1.25

Three

3

s2: f 0.64, a 5, p 2.50

s3: f 0.81, a 15, p 3.75
si: f 0.11, a 8, p 0.00
s2: f 0.07, a 6, p 0.75

Four

5

s3: f0.16,a2,p 1.25
s4: f0.40,a20,p 1.25

s5: f 0.88, a 4, p 2.50
si: f 0.20, a 15, p 0.00

s2: f 0.11, a 10, p 1.25

Five*

5

s3: f 0.37, a 4, p 2.50
s4: f 0.42, a 5, p 3.75
s5: f 0.81, a 6, p 5.00
si: f 0.57, a4, p 2.50

s2: f 0.42, a 5, p 3.75

Six

5

s3: f0.81, a 6, p 5.00
s4: f 0.66, a 17, p 5.00

s5: f 0.87, a 7, p 6.25

* Note: Tasks Two and Five were taken from Elvers and E Rif (1997).
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Participants were ten University of Dayton psychology graduate students: five

male and five female. Participants were read instructions regarding the tracking task
aloud (see Appendix C), as well as given two 90 second practice trials before the

measured trials began. Participants were instructed to use their dominant hand for the
tracking task. The practice trials consisted of Task 1 and Task 6.
In addition to the NASA M-TLX ratings, RMS error measurements were obtained

from the participants while they performed the tracking tasks. A simple correlation

between the participants' mean overall NASA M-TLX ratings and the participants' mean

RMS error was performed. The result was a correlation coefficient of 0.986 (p < 0.01,2tailed), suggesting that the NASA M-TLX ratings accounted for 96.63 % of the
variability in RMS error within the sample. In addition, it is interesting to note that the

highest level of subjective workload as well as the largest RMS error was created by a
three-sinusoid task (Task 3). This is of particular interest because the previous literature

(Sorkin & Robinson, 1984; Robinson & Sorkin, 1985; Sorkin et al., 1988; and Elvers &

ElRif, 1997) has arbitrarily used three sinusoid tasks as a low workload condition, and
five sinusoid tasks as a high workload condition.
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INFORMED CONSENT TO PARTICIPATE AS A RESEARCH PARTICIPANT

Project Title:

Tracking Tasks and Alarm Displays: A Signal Detection Analysis

Investigators:

Greg C Elvers, Ph.D., and Mark A. Cummings-Hill

Description and Duration of Experiment:
You will be asked to perform two tasks simultaneously. The first task is a unidimensional
tracking task. In a unidimensional tracking task a target moves back and forth on the computer monitor.
Using a mouse you will attempt to follow the target with a cursor. You will continuously track for
approximately four minutes and then be given a one-minute rest break. The process will repeat for
approximately one hour.
The second task is a signal detection task. During the tracking task four three digit numbers (e.g.
1.42, 3.21, 0.93, 1.67) will appear approximately every seven seconds. You will make a response (a single
key press) that indicates how confident you are that the numbers come from a distribution with a given
average value. The computer will help you with this task by indicating if it "believes” that the numbers
come from that distribution.
You will also sometimes be asked to perform each of the two tasks by themselves.
No adverse effects on participants have been reported in previous experiments of this type.
However, participants may experience boredom and minor visual fatigue from concentrating on the
computer screen.
There will be eight sessions, each approximately one hour in duration. There will be several rest
breaks during each session. You will be paid based on how well you perform. It is anticipated that the
average person will earn approximately $6.50 per session. Pay will not exceed $20.00 per session. You
will be paid a minimum of $4.00 per session. You may voluntarily terminate your participation in this
experiment at any time and still receive payment for all work that has been completed. In the event that
you choose to complete the study, you will be given a $10 bonus.
Confidentiality of Data:
All records of your participation in this study will not be disclosed to others. Your name will not
be revealed in any document resulting from this experiment.
Contact Person for Questions or Problems after Experiment:
Students who have any questions or problems with respect to this experiment may contact Greg C
Elvers, Ph.D. in SJ 312, ext. 2171 or Mark A. Cummings-Hill in SJ 313, ext. 2175.

Consent to Participate:
I have voluntarily decided to participate in this experiment. An investigator named above has
adequately answered any and all questions I have about this experiment, the procedures involved, and my
participation. I understand that an investigator named above will be available to answer any questions
about experimental procedures throughout this experiment. I also understand that I may voluntarily
terminate my participation in this experiment at any time and still receive payment for all work that has
been completed. I also understand that one of the investigators named above may terminate my
participation in this study if he feels this to be in my best interest. In addition, I certify that I am 18
(eighteen) years of age or older.
Signature of Student

Date

Signature of Witness

Date
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Debriefing Statement for the ’’Tracking Tasks and Alarm Displays:
A Signal Detection Analysis”
This study examined the effects of alarm display response bias and operator workload in a similar manner
as previous literature on this topic, particularly: Pollack & Madans, 1964; Sorkin & Robinson, 1984;
Robinson & Sorkin, 1985; Sorkin, Kantowitz & Kantowitz, 1988; and Elvers & ElRif, 1997. This was
chosen as the topic of study because of the workload measurement gap present in the existing literature.
The existing literature does not directly examine operator workload. Rather, it either assumes what the
workload level of the operator is on the basis of primary task performance or, in other cases, the
experimenter’s perceived level of workload. That is, the experimenter states the primary task (in this study,
the tracking task) places a high workload demand on the operator solely because the task is more complex.
This, however is a statement of belief rather than empirical fact. Primary task performance in these studies
may degrade as a function of the complexity of the primary task, rather than an addition of mental
workload from the secondary detection task. What remains for the system designer is confusion as to the
actual level of workload being manipulated by the primary task, and how that level of workload relates to
the level of operator workload experienced in the system for which they are designing a display.

What made this examination unique in comparison to previous experiments in the alarm display literature
was the actual measurement of the primary task’s workload demand on the operator. Using the NASA MTLX as the empirical measure of workload, the workload associated with the tracking tasks were
concretely defined. This will allow system designers to accurately pair the findings of this study with the
system design requirements they face, aiding them in adopting alarm criteria that maximizes
system/operator performance and safety. In addition, the study examined a question not addressed by the
current literature. Through manipulation of the alarm display’s criterion during a block of trials, how
quickly a participant can detect an alarm’s criterion was examined. The literature as a whole strongly
supports the idea that operators key into the criteria the alarm is using, and change their criteria accordingly
(Sorkin et al., 1988; Getty, Swets, Pickett & Gonthier, 1995; Elvers & ElRif, 1997). However, no research
has yet examined how quickly this switch occurs. This is valuable to examine due to the possible
implications for alarm design.

You probably noticed that the frequency with which the alarm in this study sounded a warning was very
often sometimes, and at other times was quite infrequently. This basically is what is referred to as an
alarm’s response bias. The alarm that sounded “false alarms” frequently was liberal, while the alarm that
sounded “true alarms” frequently was conservative. At some point, you probably realized which alarm
was operating at a given time and you probably adjusted how you responded to that alarm’s warnings
accordingly.

If research were to consistently show that operators are quick (require a small number of trials) to adjust to
an alarm that has adopted a new response criterion, the system designer could create alarm displays that
changed their response criteria based on the level of workload the operator was currently experiencing. For
example: in an aviation environment, it is common for aircrew to experience high levels of workload on
takeoff and landing, however during free flight workload is consistently low. In an environment where
workload is predictable, having an alarm display change its response criterion to best suit the current
operator workload may increase the overall system performance in all states of system operation, rather
than one specific circumstance.
Your cooperation has been greatly appreciated. If you have further questions or comments, please contact
Greg C Elvers, Ph.D. in SJ 329, ext. 2171, or Mark A. Cummings-Hill in SJ 313, ext. 2175.
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Instructions for Signal Detection Participants

Experimenter:
“In this study, you will be asked to imagine that you are piloting an aircraft. In
this study, you will be asked to perform two tasks concurrently. The first and most
important task is a unidimensional tracking task. In the unidimensional tracking task, a
target will move back and forth on the computer monitor. Using the mouse with your
dominant hand, you will attempt to follow the target with a cursor, attempting to keep the
cursor directly below the target. You will continuously track for approximately four
minutes and then be given a one-minute rest break. Do you have any questions regarding
the tracking task?
“The second and less important task is a signal detection task. During the
tracking task, four three digit numbers (e.g. 1.42, 3.21, 0.93, 1.67) will appear
approximately every seven seconds, for a duration of ten seconds. You will make a
response (a single key press) that indicates how confident you are that the numbers come
from a distribution with a given average value. You may respond at any time while the
numbers are displayed. The computer will help you with this task by indicating if it
‘believes’ that four additional numbers sampled from the same distribution as the four
numbers you see come from that distribution. One of the distributions has a mean of
three (3). The other distribution has a mean of four (4). Both distributions are standard
normal distributions, and both distributions have a standard deviation of 1.54. If the
computer ‘believes’ that its numbers come from the distribution with a mean of three (3),
a low pitch tone will sound. If the computer ‘believes’ that the numbers come from a
distribution with a mean of four (4), a higher pitch tone will sound. If the numbers
displayed on the monitor come from the distribution with a mean of three (3), the aircraft
you are piloting is performing acceptably. If the numbers displayed on the monitor come
from the distribution with a mean of four (4), the aircraft you are piloting is performing
unacceptably. Your response will be measured on a four point scale, on which a response
of ‘ 1 ’ will indicate that you are absolutely certain the aircraft is performing acceptably,
‘2’ will indicate that you are fairly certain that the aircraft is performing acceptably, ‘3’
will indicate that you are fairly certain that the aircraft is performing unacceptably, and
‘4’ will indicate that you are absolutely certain that the aircraft is performing
unacceptably. The alarm in this study is analogous to a fire alarm. Fire alarms monitor
for the presence fire by measuring quantities of specific ions in the air. People too
monitor for fire, only people monitor for fire with there noses, eyes, ears, and fore
detectors. Both the fire detector and the person are monitoring for the presence of the
same thing, fire, but each is using different information to make a decision as to fire’s
presence. Do you have any questions regarding the signal detection task?
“After each signal detection task, you will be presented with feedback on how
well you identified the actual performance of the aircraft. Feedback will consist of the
monitor displaying one of the following messages after each detection task: ‘Correct
Detection,’ ‘Correct Rejection,’ ‘False Alarm,’ or ‘Missed Signal.’ A correct detection
occurs when you indicate that the aircraft was performing unacceptably and it actually
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was performing unacceptably. A correct rejection occurs when you indicate that the
aircraft is performing acceptably when it actually was performing acceptably. A false
alarm occurs when you respond that the aircraft is performing unacceptably when it
actually was performing acceptably. A missed signal occurs when you indicate that the
aircraft is performing acceptably when it actually was performing unacceptably. Do you
have any questions regarding the feedback?
“The pay you receive for participation will be based on both your performance of
the tracking task, and your performance of the signal detection task. It is anticipated that
you will earn approximately $6.50 per session. You will earn no less than $4.00 per
session and no more than $20.00 per session. You will be given a $10.00 bonus should
you choose to complete the study. You will earn more money for good tracking
performance, and for rapid response to true alarms. No penalty or bonus will be awarded
for responses to a false alarm from the alarm display. In other words, the two tasks are in
competition with each other, so you will have to learn the relative importance of the two
tasks in order to maximize the amount of money you receive for each session. The
tracking task is worth two thirds of the maximum possible pay, and the detection task is
worth one third of the maximum possible pay. Do you have any questions regarding the
reward structure of the study?
“During the first session, you will perform only the tracking task and I will ask
you to complete the National Aeronautics and Space Administration Modified Task Load
Index, which is a survey of subjective workload, on the task. During the second session,
you will perform only the detection task. These sessions will be considered practice,
though you will still receive compensation. Sessions three through eight will require you
to perform the tracking task and the detection task concurrently. Do you have any
additional questions regarding any part of the study? Thank you for volunteering to
participate, it is greatly appreciated.
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